PCR products are detected most commonly using postamplification agarose gel electrophoresis and/or DNA hybridization. For reducing time in detection and confirmation, a number of investigators have reported methods to simplify or even eliminate the need to perform postamplification assays. For example, molybodate (2) or some intercalating agents (3) have been used to measure the degree of DNA amplification. However, these protocols are limited because they do not regard PCR product sequence specificity. Other investigators have focused their efforts on adapting the fluorescence resonance energy transfer (FRET) phenomenon to the detection of specific products. Morrison et al. (7) demonstrated that a ds -DNA molecule, in which one strand was labeled on the 5 ′ terminus with fluorescein and the complementary strand was labeled on the 3 ′ terminus with a quencher, could be used as a tool to detect specific DNA fragments in a post-PCR competitive hybridization assay format. Later, the AmpliSensor ™(Biotronics Technologies, Lowell, MA, USA) protocol (10) eliminated the post-PCR competitive hybridization of this original design but required an asymmetric PCR and a subsequent seminested amplification to achieve adequate fluorescent signal. Other improved and enhanced versions of FRET-based PCR protocols have included the TaqMan ® assay (Applied Biosystems, Foster City, CA, USA) (4, 5, 6) , molecular beacons (9), Amplifluor ™ (Intergen, Purchase, NY, USA) (8), "Scorpions" primers (11) and adjacent hybridization probes (12) . In an effort to reduce the cost associated with the production of dual-labeled fluorescent probes for such assays, an asymmetric fluorogenic probe set was designed and tested for its applicability to the rapid endpoint detection of PCR products.
The procedure described in this report is outlined in Figure 1 . A long 5 ′ fluorescein-labeled (reporter) oligonucleotide probe and a short 3 ′ DABCYL (4-[4 ′ -dimethylamino phenylazo] benzoic acid)-labeled (quencher) oligonucleotide were used in this modified system. Because these two oligonucleotides contained complementary sequences, they are able to form an asymmetrical double-stranded conformation such that the 5 ′fluorescein-labeled probe is quenched by the nearby quencher oligonucleotide. However, since the two probes share only a short complementary region, the annealing temperature of the fluorescein-labeled probe is quite low. During the normal annealing/primer extension step of PCR, we hypothesized that most of the reporter probe molecules are available to hybridize with the target PCR products, after which they are digested by the 5 ′ nuclease activity of TaqDNA polymerase. Although the number of short quencher oligonucleotides (competitors) in the reaction solution is quite high, the elevated temperatures of denaturation and extension should hinder the annealing between the reporter and quencher probes. After the amplification is complete, the residual reporter probe will re-anneal to the short quencher probe at room temperature. An overall increase of fluorescence at the end of the assay should signal detection of the specific target DNA product, while the intensity of the signal should be roughly equivalent to the quantity of amplified DNA.
In our model system, the Listeria monocytogenes listeriolysin O ( hly ) gene was used as the PCR amplification target. All the amplification primers, reporter and quencher probes were synthesized by Integrated DNA Technologies (Coralville, IA, USA). The PCR primers (forward primer: 5 ′ -AGGATG -CATCTGCATTCAA-3 ′and reverse primer: 5 ′ -GGATATCTGCATTATTTT -GATT-3 ′ ) were designed based on DNA sequence data from GenBank ® (accession nos. U25443, U25446, U25449 and U25452). labeled reporter probe (5 ′ -fluorescein-TTCTTGGCGGCACATTTGTCACT -GCA-p-3 ′ ) was synthesized based on published information from Bassler et al. (1), except that the antisense sequence was used in this model system. To prevent primer extension from the reporter probe, the 3 ′ end of the probe was phosphorylated (4). A 3 ′DAB -CYL-labeled quencher (11-mer) served as the "switch" on fluorescence generation and consisted of a short sequence (5 ′ -GCCGCCAAGAA-DABCYL-3 ′ ) complementary to the reporter probe.
To determine the energy transfer profile of this probe set, a melting curve study was done (Figure 2A This curve revealed that, from 40°C-55°C, the quencher probe gradually lost its ability to effectively quench the fluorescence, a property consistent with our original design (Figure 1) .
For amplification of the hlygene fragment of L. monocytogenes , four sets of PCR reaction tubes containing different copy numbers [10 6 , 10 5 , 10 4 and 0 (negative control)] of positive control plasmid DNA were prepared. A 50-µ L reaction volume [1 × PCR buffer, 3 mM MgCl 2 , 0.2 mM each dATP, dCTP and dGTP, 0.4 mM dUTP, 10 pmol each forward and reverse primers, 5 pmol each reporter and quencher probes, 1 U JumpStart ™ TaqDNA polymerase (Sigma, St. Louis, MO, USA) and 0.2 U uracil-N-glycosylase (UNG) (Life Technologies, Rockville, MD, USA)] was used for each amplification. All reactions were carried out using a GeneAmp ® PCR system 9600 (Applied Biosystems). To digest possible carryover-contaminated DNA by UNG and denature the target DNA template, 1 cycle of 45°C for 5 min and 94°C for 5 min was used. Afterwards, DNA was amplified by using 10-40 cycles at 94°C for 30 s, 55°C for 30 s and 72°C for 45 s. Each PCR tube was removed from the thermal cycler after completion of the predetermined number of cycles and equilibrated to room temperature. Forty microliters of each PCR solution was transferred into a 96-well plate for fluorescence measurement as described above. For further confirmation of specific amplification, 5 µ L each reaction mixture was used for electrophoresis on 1% agarose gels.
According to the PCR profiles results ( Figure 2B ) and agarose gel electrophoresis ( Figure 2C products, respectively. The fluorescence from tubes containing specific products also could be visualized by eye using simple UV transillumination. As expected, the PCR negative control (no template DNA) did not show any significant change in florescence, even after 40 cycles of amplification. The protocol outlined in this work takes advantage of the fact that the synthesis cost of single labeling ($180 US for 25 nmol probe set in this test) is lower than that for dual-labeled probes ($250-$400 US for 10-20 nmol duallabeled probes). This cost difference could benefit researchers engaged in assay development on a limited budget. For example, more asymmetric probe sets could be evaluated on a dollar-perdollar basis, and a single quencher probe could be used with several alternative reporter probes in assay optimization. Further improvements and applications of this design, specifically for routine quality control and sanitary monitoring (in endpoint detection format) in food or other related industries, are underway in our laboratory.
Method for Avoiding PCR-Inhibiting Contaminants when Eluting DNA from Polyacrylamide Gels
BioTechniques 29: 694-696 (October 2000) Different methods have been reported for the elution of DNA from polyacrylamide gels for PCR amplification. Most of these describe protocols in which the gel piece is soaked in water at different temperatures and for different incubation times followed by amplification of the eluate (3, 6) . Alternatively, PCR is performed after purification of the eluate by precipitation of DNA or filtration to remove contaminants (5) . Also, electroelution of DNA from the gel has been described (4). We have examined the conditions for DNA elution from polyacrylamide gel pieces and arrived at a rapid method that consistently gives high yields of products after reamplification by PCR. As an example of the procedure, elution and re-amplification of HLA heteroduplexes resolved by non-denaturing PAGE is described.
HLA-A heteroduplexes were resolved by 5% PAGE in 1 ×TBE as previously described (1) . When comparing DNA eluted from gels into distilled water at ambient temperature overnight (3) and at 95°C for 1 h (6), we found that eluates obtained at elevated temperatures generally gave lower DNA yields after re-amplification than did DNA eluates obtained at ambient temperature. However, DNA eluates obtained at elevated temperatures amplified well after purification (data not shown) (5) . The addition of blank (polyacrylamide gel slices without DNA) eluates obtained at 95°C to PCR of HLA-A exon 2 led to reduced product yields (data not shown). We suspected that PCR inhibitors might co-elute from the non-denaturing acrylamide gel with the DNA at high temperature. Since overnight incubation at ambient temperature is time consuming (3), we investigated the minimal time required for DNA elution from non-denaturing polyacrylamide gels at ambient temperature.
A gel slice (about 40 mg) containing resolved HLA-A PCR products excised from 5% polyacrylamide gels was soaked in 100 µ L distilled water for 15 min at ambient temperature (22°C-25°C) in a microcentrifuge tube. The supernatant was removed, 100 µ L distilled water was added and the tube was vigorously shaken for 5 s and spun for 1 min at 5000 ×g . Aliquots of the supernatant (5 µ L) were removed at 0-, 15-, 30-, 45-, 60-and 120-min incubations at ambient temperature. After removal of the last aliquot, the gel piece
